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(567)  ACoriolis flowmeter with multiple flow tubes, in-
cluding a flow sensor (17) and a flow transmitter (18) is
provided. The flow sensor (17) includes a sensor housing
(19), a sleeve (20), and two symmetrical flanges (21). A
sensor assembly is arranged in the sensor housing (19),
and the sensor assembly includes at least two flow tube
groups, each flow tube group includes at least two flow
tubes (1, 2, 3, 4). Two flow tubes with the same size and
geometry in different groups form a flow tube pair. At
least two flow tube pairs are provided by at least two flow
tube groups, each flow tube pair is fixedly connected to-
gether by at least one pair of node plates (5, 6, 7), a
measurement area of the flow tubes is between an in-
nermost pair of node plates (5, 6, 7), and each flow tube
group is connected to a driver (12, 1201, 1202) and a
detector (13, 1301, 1302). The flowmeter can achieve
the optimal coupling of the flow tubes in the same group,
and is beneficial to the vibration isolation from the outside.

MULTI-FLOW-TUBE CORIOLIS FLOWMETER
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to the technical
field of measurement instruments, in particular to a Co-
riolis flowmeter with multiple flow tubes.

BACKGROUND

[0002] Coriolis flowmeter is a mass flow measurement
device based on Coriolis principle, which may also be
used to measure the density of media. The core of an
internal structure of the flow sensor is a flow tube, the
number of which is usually one to two, and the measured
medium flows through the flow tube. In the common twin-
benttube flow sensor, the flow tubes Aand B are provided
with adriving device, a detection device and a node plate.
A measurement area is defined between the two node
boards at inner sides, and the measurement area is in
continuous tiny vibration by an electric signal applied by
the driving device, and the detection device is used to
detect the vibration. The two flow tubes are connected
together at the ends by a flow divider, and then are con-
nected to external assemblies.

[0003] Flowisa certainamountoffluid passing through
the cross-sectional area per unit time, so apparently, in
acase that other conditions are fixed, the larger the cross-
sectional area, the greater the flow, and the increase of
the cross-sectional area is the increase of the diameter
of the flow tube. The maintenance of the same measure-
ment sensitivity will lead to an increase in length. In order
to measure large flow, the large-caliber flow sensor larger
than DN150 is generally large in size and heavy in weight,
the requirements for the site are high, and the cost of the
instrument itself is high. In a case that the pipe diameter
is constant, the reduction of the size by simply reducing
the length of a flow tube will lead to the reduction of the
sensitivity of the sensor, so that the measurement per-
formance is affected.

[0004] Under the working conditions of large flow such
as ship loading and unloading trade, the requirement for
flow is increasing, so it is necessary to design a sensor
with larger flow. However, the problem that the overall
size of the sensor cannot be too large needs to be solved,
especially the problem that the mounting length or height
of the sensor should not be too large.

[0005] Inrecentyears, there has also been a four-bent
tube design, the upper and lower flow tubes are connect-
ed and coupled together to vibrate, and the four tubes
are connected together by node plates. However, for
large-caliber flow tubes, the difference between the
length of the measurement area of the upper flow tube
pair and the length of the measurement area of the lower
flow tube pair greater, which affects the coupling effect.
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SUMMARY

[0006] An objective of the present disclosure is to pro-
vide a Coriolis flowmeter with multiple flow tubes, so as
to solve the problems in the prior art. The flowmeter can
achieve the optimal coupling of the flow tubes in the same
group, and is beneficial to the vibration isolation from the
external parts. To achieve the objective above, the
present disclosure employs the following technical solu-
tion: A Coriolis flowmeter with multiple flow tubes provid-
ed by the present disclosure includes a flow sensor and
a flow transmitter, there is no specific limitation on the
connection mode of the flow sensor and the flow trans-
mitter, which may employ an integrated fixed connection
structure, or a split cable connection structure. The flow
sensorincludes a sensor housing, a sleeve, and two sym-
metrical flanges. A sensor assembly is arranged in the
sensor housing, and the sensor assembly includes at
least two flow tube groups, each flow tube group includes
atleast two fixedly connected flow tubes, thereby achiev-
ing the vibration coupling of the flow tubes in the same
group in a measurement area. Two flow tubes with the
same size and geometry in different groups form a flow
tube pair, and the measurement areas of the flow tube
pairs have equal or similar stiffness. At least two flow
tube pairs are provided by at least two flow tube groups,
and each flow tube pair is fixedly connected together by
at least one pair of node plates. A measurement area of
the flow tubes is located between the innermost pair of
node plates, and at least one pair of node plates of the
first flow tube pair and at least one pair of node plates of
the second flow tube pair are independent structures. A
driver and a detector are connected to each flow tube
group. Each flow tube communicates with the external
parts through flanges at both ends, measured media flow
in the flow tube, and an electric signal applied by the
driver makes the measurement area in continuous tiny
vibration, and the detector is used to detect the vibration.
[0007] Alternatively, allthe flow tubes have asame out-
er diameter and thickness, and the measurement areas
are equal or similar in total length; or all the flow tubes
have the same outer diameter or inner diameter, and
although the measurement areas are unequal in total
length, the stiffness of the measurement areas is equal
or similar through different flow tube thicknesses; or all
the flow tubes have the same outer diameter and thick-
ness, although the measurement areas are unequal in
total length, the stiffness of the measurement areas is
equal or similar by adding a reinforcing plate in the meas-
urement area; or the stiffness of the measurement area
is calculated more accurately using afinite element meth-
od, and the stiffness of two or more pairs of flow tubes
is equal or similar by adjusting design parameters.

[0008] Alternatively, the flow tube group includes a first
flow tube group, and a second flow tube group. All flow
tubes in the first flow tube group are connected by a first
detector fixing plate, and all flow tubes in the second flow
tube group are connected by a second detector fixing
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plate, and the detector is fixedly arranged between the
first detector fixing plate and the second detector fixing
plate. A driver fixing plate does not connect all flow tubes
in each group together, while the detector fixing plate
connects all flow tubes in each group together.

[0009] Alternatively, the flow tube group includes a first
flow tube group, and a second flow tube group. All flow
tubes in the first flow tube group are connected by a first
driver fixing plate, and all flow tubes in the second flow
tube group are connected by a second driver fixing plate.
The driver is fixedly arranged between the first driver fix-
ing plate and the second driver fixing plate. The driver
fixing plate connects all flow tubes in each group together,
while the detector fixing plate does not connect all flow
tubes in each group together. The present disclosure is
not only limited to such arrangement structures, and a
fixing structure that the driver fixing plate connects all
flow tubes in each group together and the detector fixing
plate also connects all flow tubes in each group together
may also be employed.

[0010] Alternatively, the driver fixing plate does not
connect all flow tubes in each group together, and the
detector fixing plate also does not connect all the flow
tubes in each group together. The flow tubes in each flow
tube group are fixedly connected by at least one pair of
fixing plate groups, and each pair of fixing plate groups
includes two fixing plates which have the same structure
and are symmetrically placed along a middle plane be-
tween a flowmeter inlet and a flowmeter outlet. Alterna-
tively, the driverincludes afirstdriver and a second driver,
the detector includes a first detector and a second de-
tector, and the flow tube group includes a first flow tube
group, a second flow tube group, a third flow tube group,
and a fourth flow tube group. Each of the first flow tube
group and the second flow tube group at least includes
two flow tubes, and each of the third flow tube group and
the fourth flow tube group at least includes one flow tube.
All flow tubes in the first flow tube group are connected
by the first driver fixing plate, and all flow tubes in the
second flow tube group are connected by the second
driver fixing plate. The first driver is fixedly arranged be-
tween the first driver fixing plate and the second driver
fixing plate. The first detector is connected to the flow
tubes in the first flow tube group and the second flow
tube group. The second driver and the second detector
are connected to the flow tubes in the third flow tube
group and the fourth flow tube group; and the first driver
andthe second driver are differentin operating frequency
with a difference of at least 5 Hz.

[0011] Alternatively, the driver includes a first driver
and a second driver, the detector includes a first detector
and a second detector, and the flow tube group includes
a first flow tube group, a second flow tube group, a third
flow tube group, and a fourth flow tube group. Each of
the first flow tube group and the second flow tube group
at least includes two flow tubes, and each of the third
flow tube group and the fourth flow tube group at least
includes one flow tube. All flow tubes in the first flow tube
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group are connected by the first detector fixing plate, and
all flow tubes in the second flow tube group are connected
by the second detector fixing plate. The first detector is
fixedly arranged between the first detector fixing plate
and the second detector fixing plate. The first driver is
connected to the flow tubes in the first flow tube group
and the second flow tube group. The second driver and
the second detector are connected to the flow tubes in
the third flow tube group and the fourth flow tube group.
The first driver and the second driver are different in op-
erating frequency with a difference of at least 5 Hz.
[0012] Alternatively, the driver includes a first driver
and a second driver, the detector includes a first detector
and a second detector, and the flow tube group includes
a first flow tube group, a second flow tube group, a third
flow tube group, and a fourth flow tube group. Each of
the first flow tube group and the second flow tube group
at least includes two flow tubes, and each of the third
flow tube group and the fourth flow tube group at least
includes one flow tube. All flow tubes in the first flow tube
group and the second flow tube group are fixedly con-
nected by at least one pair of fixing plates, and each pair
of fixing plates includes two fixing plates which have the
same structure and are symmetrically arranged along a
middle plane between the flowmeter inlet and the flow-
meter outlet, The first detector and the first driver are
connected to the flow tubes in the first flow tube group
and the second flow tube group; the second driver and
the second detector are connected to the flow tubes in
the third flow tube group and the fourth flow tube group.
The first driver and the second driver are different in op-
erating frequency with a difference of at least 5 Hz. Al-
ternatively, the node plate includes first node plates and
second node plates. The measurement area of the flow
tubes is between two first node plates, the two second
node plates are separately provided at outer sides of the
two first node plates, and the second node plates are
located in a connecting area of the flow tube. Each flow
tube pair is individually connected by a pair of first node
plates and a pair of second node plates.

[0013] Alternatively, the node plate includes first node
plates, second node plates and third node plates. The
measurement area of the flow tubes is between the two
first node plates, the two second node plates are sepa-
rately provided at outer sides of the two first node plates,
and each second node plate is located at a connecting
area of the flow tube. Each flow tube pair is individually
connected by a pair of first node plates and a pair of
second node plates. Two third node plates are symmet-
rically provided at the outer sides of the two second node
plates, and the third node plates are used to connect two
or more flow tube pairs together.

[0014] Alternatively, each flow tube is of a symmetric
V-shaped or a trapezoidal structure. The V-shaped struc-
ture has seven segments arranged symmetrically from
an inlet end to an outlet end, which are respectively a
straight segment, a circular arc segment, a straight seg-
ment, a circular arc segment, a straight segment, a cir-
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cular arc segment and a straight segment. The trapezoi-
dal structure has nine segments arranged symmetrically
from the inlet end to the outlet end, which are a straight
segment, a circular arc segment, a straight segment, a
circular arc segment, a straight segment, a circular arc
segment, a straight segment, a circular arc segment and
a straight segment.

[0015] Compared with the prior art, some embodi-
ments obtain the following beneficial technical effects:
By adopting the driver fixing plate, the detector fixing
plate, or independent fixing plates at other positions, at
least two flow tubes are relatively rigidly connected to-
gether to form a flow tube group. A structure with two
flow tube groups that can vibrate in opposite directions
to achieve self-balance is formed by using another flow
tube group with the same structure, together with the
node plates used to define the measurement area, and
the flow and density are measured using Coriolis princi-
ple. In order to achieve the optimal coupling of each group
of flow tubes, the measurement areas of all flow tubes in
the flow tube groups are designed to have the same or
similar stiffness. In order to achieve the optimal vibration
isolation, at least the node plates at the inner side only
connect a pair of flow tubes, but not all flow tubes.
Through the present disclosure, the coupling between
the flow tubes in the same group is improved, and the
vibration isolation of multiple measurement areas from
the external parts is improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] In order to illustrate the embodiments of the
present disclosure or the technical solutions in the prior
art more clearly, the drawings needed in the embodi-
ments will be briefly introduced hereinafter. Apparently,
the drawings in the following description are only some
embodiments of the present disclosure. For those skilled
in the art, other drawings can be obtained according to
these drawings without paying creative labor.

FIG. 1 is a schematic diagram of a flow tube group
according to Embodiment 1 of the present disclo-
sure;

FIG. 2 is a schematic diagram of the dimension of a
flow tube group according to Embodiment 1 of the
present disclosure;

FIG. 3 is a schematic diagram of a flow tube group
according to Embodiment 2 of the present disclo-
sure;

FIG. 4 is another schematic diagram of Embodiment
2 of the present disclosure;

FIG. 5 is a schematic diagram of a flow tube group
according to Embodiment 3 of the present disclo-
sure;

FIG. 6 is a schematic diagram of a flow tube group
according to Embodiment 4 of the present disclo-
sure;

FIG. 7 is a schematic diagram of a flow tube group
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according to Embodiment 5 of the present disclo-
sure;

FIG. 8 is a structural schematic diagram of a Coriolis
flowmeter with multiple flow tubes according to Em-
bodiment 5 of the present disclosure;

FIG. 9 is a side view of FIG. 8;

FIG. 10 is a schematic diagram of a flow tube group
in Embodiment 6 of the present disclosure;

FIG. 11 is a schematic diagram of the dimension of
a flow tube group according to Embodiment 6 of the
present disclosure;

FIG. 12 is a schematic diagram of a flow tube group
according to Embodiment 7 of the present disclo-
sure;

FIG. 13 is a schematic diagram of a flow tube group
according to Embodiment 8 of the present disclo-
sure;

FIG. 14 is a partial enlarged view of FIG. 13;

FIG. 15 is a schematic diagram of a flow tube group
according to Embodiment 9 of the present disclo-
sure;

FIG. 16 is a schematic diagram of a flow tube group
according to Embodiment 10 of the present disclo-
sure;

FIG. 17 is a schematic diagram of the dimension of
a flow tube group according to Embodiment 10 of
the present disclosure.

[0017] Inthe drawings: 1 first flow tube; 2 second flow
tube; 3 third flow tube; 4 fourth flow tube; 5 first node
plate; 6 second node plate; 7 third node plate; 8 firstdriver
fixing plate; 9 second driver fixing plate; 10 first detector
fixing plate; 11 second detector fixing plate; 12 driver;
1201 first driver; 1202 second driver; 13 detector; 1301
first detector; 1302 second detector; 14 fifth flow tube;
15 sixth flow tube; 16 reinforcing plate; 17 flow sensor;
18 flow transmitter; 19 sensor housing; 20 sleeve; 21
flange; 22 first fixing plate; 23 second fixing plate.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0018] The technical solutions in the embodiments of
the present disclosure will be described clearly and com-
pletely hereinafter with reference to the drawings of the
embodiments of the present disclosure. Apparently, the
described embodiments are some embodiments of the
present disclosure, rather than all of the embodiments.
Based on the embodiments of the present disclosure, all
other embodiments obtained by those skilled in the art
without paying creative labor fall in the scope of protection
of the present disclosure.

[0019] An objective of the present disclosure is to pro-
vide a Coriolis flowmeter with multiple flow tubes, so as
to solve the problems in the prior art. The flowmeter can
achieve the optimal coupling of the flow tubes in the same
group, and is beneficial to the vibration isolation from the
external parts.

[0020] In order to make the above objects, features
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and advantages of the present disclosure more obvious
and understandable, the presentdisclosure will be further
explained in detail hereinafter with reference to the draw-
ings and specific embodiments.

[0021] A Coriolis flowmeter with multiple flow tubes, as
shown in FIG. 8 and FIG. 9, includes a flow sensor 17
and a flow transmitter 18. The flow sensor 17 includes a
sensor housing 19, a sleeve 20, and two symmetrical
flanges 21. A sensor assembly is arranged in the sensor
housing 19, the sensor assembly includes at least two
flow tube groups, and each flow tube group includes at
least two fixedly connected flow tubes, thereby achieving
the vibration coupling of the flow tubes in the same group
in a measurement area. Two flow tubes with the same
size and geometry in different groups form a flow tube
pair. Stiffness of the measurement areas of the flow tube
pairs is equal or similar, at least two flow tube pairs are
provided by at least two flow tube groups, each flow tube
pair is fixedly connected together by at least one pair of
node plates, the measurement area of the flow tubes is
located between the innermost pair of node plates, and
at least one pair of node plates of the first flow tube pair
and at least one pair of node plates of the second flow
tube pair are independent structures. A driver 12 and a
detector 13 are connected to each flow tube group. Each
flow tube communicates with the external parts through
the flanges 21 at both ends, a measured medium flows
in the flow tube, and an electric signal applied by the
driver 12 makes the measurement area in continuous
tiny vibration, and the detector 13 is used to detect the
vibration.

Embodiment 1

[0022] An arrangement form of the flow tubes in this
embodiment is improved, as shown in FIG. 1 and FIG.
2, a first flow tube 1, a second flow tube 2, a third flow
tube 3 and a fourth flow tube 4 are all bent tubes, which
are symmetrical in left and right, and are approximately
V-shaped. The first flow tube 1 and the second flow tube
2 are both composed of multiple circular arc segments
and multiple straight segments, have the same diameter,
wall thickness and trajectory, are made of the same ma-
terial, and are connected together by two first node plates
5 and two second node plates 6, so as to form a first flow
tube pair. A measurement area of the pair of flow tubes
is defined between the two first node plates 5, and an
area outside this measurement area, including two sec-
ond node plates 6, is a connecting area. The third flow
tube 3 and the fourth flow tube 4 are both composed of
multiple circular arc segments and multiple straight seg-
ments, have the same diameter, wall thickness and tra-
jectory, are made of the same material, and are connect-
ed together by two first node plates 5 and two second
node plates 6, so as to form a second flow tube pair. A
measurement area of the pair of flows tubes is defined
between the two first node plates 5, and an area outside
this measurement area, including two second node
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plates 6, is a connecting area.

[0023] The third flow tube 3 and the fourth flow tube 4
are located in an area enclosed by the first flow tube 1
and the second flow tube 2. In the flow tube, straight tube
segments 11 and 12 are parallel, and the circular arc
segments h1 and h2 are concentric, I11+h1=I2+h2. The
circular arc segments c¢1 and c2 of the flow tube do not
need to be concentric. The first flow tube 1 and the third
flow tube 3 are connected by a first driver fixing plate 8
and two first detector fixing plates 10 to form a first flow
tube group. The second flow tube 2 and the fourth flow
tube 4 are connected by a second driver fixing plate 9
and two second detector fixing plates 11 to form a second
flow tube group. The detector 13 is arranged on the de-
tector fixing plate, the driver 12 is arranged on the driver
fixing plate, and spacing between two flow tube groups
is the same along the whole bending trajectory of the flow
tube groups. The flow tube groups are fixedly connected
to form a coupled structure, thus coupling the vibration
of the upper flow tube and the lower flow tube together.
However, the node plates of the upper pair of flow tubes
and the lower pair of flow tubes are independent and do
not connect the upper bent tube and the lower bent tube
together.

[0024] In this embodiment, the first pair of flow tubes
and the second pair of flow tubes have equal or similar
stiffness in the measurement area. The measurement
area is symmetric in left and right, and the length of half
the measurement area is composed of the straight tube
segment (linear length 11 or 12) and a bent tube segment
(circular arc length h1 or circular arc length h2), 11 and
12 are parallel, and h1 and h2 are concentric. The length
of the measurement area of the first pair of flow tubes is
equal to 2(I1+h1), and the length of the measurement
area of the second pair of flow tubes is equal to 2(12+
h2). In order to obtain similar or same stiffness, 11+h1=
12+h2 is adopted, so the stiffness of the upper pair of
tubes and lower pair of tubes is similar, and the meas-
urement sensitivity of the upper pair of tubes and lower
pair of tubes is also similar, which improves the coupling
between the upper measurement area and the lower
measurement area. For the flow tube with small aspect
ratio, the optimal method is to calculate the stiffness of
the measurement area of each pair of flow tubes more
accurately using a finite element method, thus making
the stiffness of the measurement areas of the flow tube
pairs equal or similar.

[0025] The first pair of flow tubes and the second pair
of flow tubes each have independent node plates, and
due to the independent node plates, an included angle
a1 between the upper node plates and an included angle
a2 between the lower node plates may have two design
parameters to optimize vibration isolation, so as to min-
imize vibration transmission to the external parts. It can
be found through the finite element simulation that the
design of upper and lower sets of independent node
plates can reduce the constraining force at the joint of
flow tubes and a flow divider, thus improving the vibration
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isolation. This is also different from the previous design.
The first pair of flow tubes and the second pair of flow
tubes each have independent connecting circular arc
segments c1 and c2. ¢c1 and c2 are connecting areas
outside the measurement area, the two circuit arc seg-
ments ¢1 and c2 are not connected together, and also
do not need to be concentric, and the radius ofthe circular
arc segments ¢1 and c2 may be larger or smaller, such
that the flexibility of the design of the connecting area is
increased, and the vibration isolation can be further im-
proved.

Embodiment 2

[0026] In Embodiment 1, the driver fixing plate and the
detector fixing plate are used to connect the flow tubes
in the same group. This embodiment is an improvement
on the basis of Embodiment 1, the coupling of the flow
tubes in the same group may also be achieved by con-
necting the flow tubes in the same group only using the
first driver fixing plate 8 and the second driver fixing plate
9, as shown in FIG. 3 and FIG. 4. The advantage is that
the structure of the detector can be relatively simple. As
shown in FIG. 4, there may also be two additional detec-
tors, so there are four detectors in total.

Embodiment 3

[0027] This embodimentis an improvement on the ba-
sis of Embodiment 1, the coupling of the flow tubes in
the same group may also be achieved by connecting the
flow tubes in the same group only using the first detector
fixing plate 10 and the second detector fixing plate 11,
as shown in FIG. 5. The advantage of this scheme is that
the structure of the driver may be relatively simple, or
there may be two relatively independent drivers arranged
up and down.

Embodiment 4

[0028] In addition to connecting the flow tubes in the
same group using the fixing plate at the driving and de-
tection positions in the above embodiments, the coupling
of the flow tubes in the same group may also be achieved
using a first fixing plate 22 and a second fixing plate 23
which are independent of each other, as shown in FIG.
6. The advantage of this scheme is that the structures of
the driver and the detector may both be relatively simple,
and the coupling of the flow tubes in the same group may
be achieved using an independent fixing plate. This
scheme also illustrates that a pair of third node plates 7
is added at the outermost of the connecting area, which
is more conducive to the vibration isolation for large-ca-
liber sensors.

Embodiment 5

[0029] In addition to above schemes, the coupling of
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the flow tubes in the same group may also be achieved
using the driver fixing plate or the detector fixing plate
and an independent fixing plate, as shown in FIG. 7, the
flow tubes in the same group are connected by the first
driver fixing plate 8, the second driver fixing plate 9 and
the independent first fixing plate 22. This scheme also
illustrates that a pair of third node plates 7 is added at
the outermost of the connecting area, and all flow tubes
are connected together by the third node plates 7 at the
outermost layer, which is more conducive to the vibration
isolation for large-caliber sensors. The flow tube with
small aspect ratio is illustrated in this scheme, in order
to determine the stiffness of the measurement area, the
optimal method is to calculate more accurately using the
finite element method. By adjusting design parameters,
the stiffness of the measurement areas of the flow tube
pairs is the same or similar. An overall appearance struc-
ture provided by the scheme of this embodiment is as
shown in FIG. 8 and FIG. 9.

Embodiment 6

[0030] The design principle of the present disclosure
is also suitable for more bent tubes to form a Coriolis
flowmeter, as shown in FIG. 10, each group includes
three flow tubes, and the three flow tubes in the same
group are connected together by the fixing plate. The
advantage of this scheme is that the measurement of
larger flow can be achieved. This scheme also illustrates
that a pair of third node plates 7 is added at the outermost
of the connecting area, and all six flow tubes are con-
nected together by the third node plates 7, which is more
conducive to the vibration isolation for large-caliber sen-
SOrs.

[0031] FIG. 11 further illustrates an innovation point of
the present disclosure, in which [1+h1= 12+h2= |3+h3.
11+ h1=12+h2=13+h3 is the sum of the dimensions of
the straight segments and circular arc segments of the
three pairs of flow tubes, so that the stiffness of the meas-
urement areas of the three pairs of flow tubes is approx-
imately the same.

Embodiment 7

[0032] The Coriolis flowmeter including six flow tubes
may also be divided into four flow tube groups, in addition
to the first flow tube group and the second flow tube
group, the third flow tube group and the fourth flow tube
group are provided. As shown in FIG. 12, according to
the principle of the present disclosure, the first group has
at least a first flow tube and a third flow tube, the second
group has at least a second flow tube and a fourth flow
tube, the third group may have at least one fifth flow tube
14 and the fourth group may have at least one sixth flow
tube 15.

[0033] The two flow tubes in the first group are con-
nected together by an independent first fixing plate 22
and an independent second fixing plate 23 to form a
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group of flow tubes. The two flow tubes in the second
group are connected together by the independent first
fixing plate 22 and the independent second fixing plate
23 to form another group of flow tubes. The first group
of flow tubes and the second group of flow tubes are
vibrated at a first operating frequency generated by a first
driver 1201, and the vibration is detected by two first de-
tectors 1301.

[0034] Each of the third group and the fourth group has
one flow tube, the vibration of the flow tubes is generated
by a second driver 1202, and detected by a second de-
tector 1302. The vibrations of the third group and the
fourth group are at a second operating frequency, and
the second operating frequency has a difference of at
least 5 Hz from the first operating frequency. In this
scheme, although only one flow tube is shown in each
group, in the design principle, each group includes mul-
tiple flow tubes.

Embodiment 8

[0035] The above schemes all use flow tubes with the
same outer diameter and thickness. In order to achieve
approximate stiffness, the lengths of the measurement
areas need to be approximately equal. In this embodi-
ment, another design is given to illustrate the design prin-
ciple of the present disclosure. As shownin FIG. 13, when
the lengths of the measurement areas are unequal, the
stiffness can be approximately equal through different
thicknesses of the flow tubes. As shown in FIG. 14, the
length of the measurement area of the first pair of flow
tubes is greater than that of the measurement area of
the second pair of flow tubes, if similar stiffness is to be
achieved, the thickness t1 of the first pair of flow tubes
needs to be greater than the thickness t2 of the second
pair of flow tubes.

Embodiment 9

[0036] When the flow tubes have the same outer di-
ameter and thickness but different measurement area
lengths, the stiffness can be enhanced by a reinforcing
plate 16, such that the stiffness of a pair of flow tubes is
increased to make stiffness of the two pairs of flow tubes
similar to each other. As shown in FIG. 15, if the stiffness
of the measurement area of the first pair of flow tubes is
relatively small, the stiffness of the measurement area
of the first pair of flow tubes can be increased by adding
the reinforcing plate 16 in the measurement area, and
thus the stiffness of the upper pair of flow tubes is similar
to that of the lower pair of flow tubes.

Embodiment 10

[0037] The flow tube in the above scheme is similar to
a V-shaped bent tube, but other bent tubes can also
achieve the principle of the present design, such as trap-
ezoid and U shape. FIG. 16 illustrates a trapezoidal bent
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tube. If the flow tubes have the same diameter and thick-
ness, the dimension 11+ h1+s1=I2+h2+s2 in FIG. 17 can
ensure that the stiffness of the measurement areas is
approximately equal. |11+ h1+s1 is the sum of the dimen-
sions of a straight segment, a circular arc segment and
another straight segment of the first flow tube; 12+h2+s2
is the sum of the dimensions of a straight segment, a
circular arc segment and another straight segment of the
second flow tube.

[0038] In the description of the present disclosure, it
needs to be understood that the orientation or positional
relationship indicated by terms "center", "top", "bottom",
"left", "right", "vertical", "horizontal", "inside" and
"outside " is based on the orientation or positional rela-
tionship shown in the drawings only for convenience of
description of the present disclosure and simplification
of description rather than indicating or implying that the
device or element referred to must have a particular ori-
entation, and be constructed and operated in a particular
orientation, and thus are not to be construed as limiting
the present disclosure. Furthermore, the terms "first" and
"second" are used for descriptive purposes only and are
not to be construed as indicating or implying relative im-
portance.

Claims

1. A Coriolis flowmeter with multiple flow tubes, com-
prising a flow sensor and a flow transmitter, wherein
the flow sensor comprises a sensor housing, a
sleeve, and two symmetrical flanges; wherein a sen-
sor assembly is arranged in the sensor housing, the
sensor assembly comprises at least two flow tube
groups, and each flow tube group of the at least two
flow tube groups comprises at least two flow tubes;
at least two flow tube pairs are provided by the at
least two flow tube groups, each flow tube pair of the
at least two flow tube pairs is formed by two flow
tubes with same size and geometry in different flow
tube groups of the atleast two flow tube groups, each
flow tube pairis fixedly connected together by atleast
one pair of node plates, a measurement area of the
flow tubes is between an innermost pair of the at
least one pair of node plates, and each flow tube
group is connected to a driver and a detector.

2. The Coriolis flowmeter with multiple flow tubes ac-
cording to claim 1, wherein the at least two flow tube
groups comprise a first flow tube group and a second
flow tube group; all flow tubes in the first flow tube
group are connected by a first detector fixing plate,
and all flow tubes in the second flow tube group are
connected by a second detector fixing plate; and the
detectoris fixedly arranged between the first detector
fixing plate and the second detector fixing plate.

3. The Coriolis flowmeter with multiple flow tubes ac-
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cording to claim 1, wherein the at least two flow tube
groups comprise a first flow tube group and a second
flow tube group; all flow tubes in the first flow tube
group are connected by a first driver fixing plate, and
all flow tubes in the second flow tube group are con-
nected by a second driver fixing plate, and the driver
is fixedly arranged between the first driver fixing plate
and the second driver fixing plate.

The Coriolis flowmeter with multiple flow tubes ac-
cording to claim 1, wherein the flow tubes of each
flow tube group are fixedly connected by at least one
pair of fixing plates, each pair of fixing plates com-
prises two fixing plates which have a same structure
and are symmetrically arranged along a middle plane
between a flowmeter inlet and a flowmeter outlet.

The Coriolis flowmeter with multiple flow tubes ac-
cording to claim 1, wherein the at least two flow tube
groups comprise a first flow tube group, a second
flow tube group, a third flow tube group, and a fourth
flow tube group; each of the first flow tube group and
the second flow tube group comprises at least two
flow tubes, and each of the third flow tube group and
the fourth flow tube group comprises at least one
flow tube; all flow tubes in the first flow tube group
are connected by a first driver fixing plate, and all
flow tubes in the second flow tube group are con-
nected by a second driver fixing plate; a first driver
is fixedly arranged between the first driver fixing plate
and the second driver fixing plate; a first detector is
connected to the flow tubes in the first flow tube group
and the second flow tube group; a second driver and
a second detector are connected to the flow tubes
in the third flow tube group and the fourth flow tube
group; and the first driver and the second driver are
different in operating frequency.

The Coriolis flowmeter with multiple flow tubes ac-
cording to claim 1, wherein the at least two flow tube
groups comprise a first flow tube group, a second
flow tube group, a third flow tube group, and a fourth
flow tube group; each of the first flow tube group and
the second flow tube group comprises at least two
flow tubes, and each of the third flow tube group and
the fourth flow tube group comprises at least one
flow tube; all flow tubes in the first flow tube group
are connected by a first detector fixing plate, and all
flow tubes in the second flow tube group are con-
nected by a second detector fixing plate; a first de-
tector is fixedly arranged between the first detector
fixing plate and the second detector fixing plate; a
first driver is connected to the flow tubes in the first
flow tube group and the second flow tube group; a
second driver and a second detector are connected
to the flow tubes in the third flow tube group and the
fourth flow tube group; and the first driver and the
second driver are different in operating frequency.
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10.

The Coriolis flowmeter with multiple flow tubes ac-
cording to claim 1, wherein the at least two flow tube
groups comprise a first flow tube group, a second
flow tube group, a third flow tube group, and a fourth
flow tube group; each of the first flow tube group and
the second flow tube group comprises at least two
flow tubes, and each of the third flow tube group and
the fourth flow tube group comprises at least one
flow tube; all flow tubes in the first flow tube group
and the second flow tube group are fixedly connect-
ed by at least one pair of fixing plates, and each pair
of fixing plates comprises two fixing plates which
have a same structure and are symmetrically ar-
ranged along a middle plane between a flowmeter
inlet and a flowmeter outlet; a first detector and a
first driver are connected to the flow tubes in the first
flow tube group and the second flow tube group; a
second driver and a second detector are connected
to the flow tubes in the third flow tube group and the
fourth flow tube group; and the first driver and the
second driver are different in operating frequency.

The Coriolis flowmeter with multiple flow tubes ac-
cording to claim 1, wherein the node plates comprise
first node plates and second node plates; the meas-
urement area of the flow tubes is arranged between
two first node plates, two second node plates are
separately provided at outer sides of the two first
node plates, and the second node plates are located
in a connecting area of the flow tubes; and each flow
tube pair is individually connected together by a pair
of the first node plates and a pair of the second node
plates.

The Coriolis flowmeter with multiple flow tubes ac-
cording to claim 8, wherein the node plates comprise
first node plates, second node plates and third node
plates; the measurement area of the flow tubes is
arranged between two first node plates, two second
node plates are separately provided at outer sides
of the two first node plates, and the two second node
plates are located at a connecting area of the flow
tubes; each flow tube pair is individually connected
by a pair of the first node plates and a pair of the
second node plates; and two third node plates are
symmetrically provided at outer sides of the two sec-
ond node plates, and the two third node plates are
used to connect two or more of the flow tube pairs
together.

The Coriolis flowmeter with multiple flow tubes ac-
cording to claim 1, wherein each of the flow tubes is
of a symmetric V-shaped or trapezoid structure.
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